INTRODUCTION
The catalytic dehydration of ethanol is interesting for production of ethylene and diethyl ether DEE from nonpetroleum renewable feedstock due to its cleaner technology. In general, product yields essentially depend on the nature of acid catalyst types used 1 3 . In fact, catalytic dehydration of ethanol to ethylene over solid acid catalysts requires lower temperature than the conventional thermal cracking 600 to 1000 of naphtha. This leads to the reduction of energy cost. Besides, ethanol is a green raw material since it is obtained from fermentation of biomass. Basically, ethanol dehydration mainly consists of two competitive pathways as follows 1, 4 The first reaction 1 is dehydration of ethanol to ethylene endothermic reaction , while the second one 2 is exothermic reaction to obtain DEE. Thus, ethylene is preferred at high reaction temperature 1, 3, 5 , whereas DEE is manly obtained at lower reaction temperature. Ethylene is well known and widely used as a raw material to produce other chemicals 6, 7 , while DEE is a valuable chemical and a green transportation fuel alternative 3, 8 . DEE has been also used as an oxygenated additive for diesel/biodiesel fuels to alleviate NO x emission. It is a good ignition improving additive in both diesel and gasoline engines according to its various useful properties such as high volatility and enhancing efficiency for both cetane and octane number in diesel/gasoline engines or as a substitute for liquefied petroleum gas. In addition, DEE is mostly used as a solvent in a number of fine chemistry, fragrance and pharmaceutical chemical processes, and in some processes involved in explosives synthesis 3, 4, 8 19 , but it is also necessary to increase the catalytic activity at low temperature. However, there have been some reports on the properties of H-beta zeolite HBZ such as microporous zeolite having high surface area, high thermal stability and high acidity used in ethanol dehydration. Moreover, HBZ exhibits larger pore size than H-ZSM-5. Thus, it is favorable to produce hydrocarbon with less coke deposition due to higher diffusivity in the pore 20 .
Promoter is added to improve the catalytic activity in a chemical reaction. In general, promoters have been studied in order to increase the activity of the catalyst and product selectivity. Moreover, chemical promoters including alkali, alkaline earth, halogen group and noble metals such as Rh, Ru, Pd, Pt, Re, Au, and Ir have been reported to exhibit high catalytic activity 13, 20 23 .
The aim of this work is to investigate the characteristics and catalytic properties of HBZ with Ru and Pt modification, especially to increase the DEE yield at low temperature during ethanol dehydration. The Ru-and Pt-modified catalysts were prepared by the conventional impregnation method. Then, they were characterized using various techniques. The reaction study of ethanol dehydration was performed using a fixed-bed flow microreactor to measure the ethanol conversion and DEE yield.
EXPERIMENTAL 2.1 Materials
The commercial HBZ used in this study was purchased from Tosoh Corporation. Tetraammineplatinum II chloride hydrate 99.99 Sigma-Aldrich Company Ltd. and ruthenium III nitrosyl nitrate solution Ru1.5 Sigma-Aldrich Company Ltd. were used as Pt and Ru precursors, respectively. Ethanol 99.99 Merck Company Ltd. and ultra high purity nitrogen gas 99.99 Linde Thailand Public Company Ltd. were used for the reaction study.
Catalyst preparation
Besides the HBZ catalyst, other two catalysts were used and prepared from impregnation methods. The HBZ with ruthenium Ru and platinum Pt modification catalysts were prepared by impregnation method using a proper amount of noble metal precursors to obtain the final catalyst having ca. 0.5wt of noble metal. After impregnation, the catalysts were dried at 110 for 24 h, and then calcined for 2 h at 550 . These catalysts were denoted as HBZ, Ru-HBZ and Pt-HBZ.
Catalyst characterization
All catalysts were characterized by several techniques as follows:
X-ray diffraction XRD : XRD was performed to determine the bulk crystalline phases of sample. It was conducted using a SIEMENS D-5000 X-ray diffractometer with CuK α λ 1.54439 Å . The spectra were scanned at a rate of 2.4 min 1 in the range of 2 theta degree 10 to 90 . N 2 physisorption: Measurement of BET surface area, average pore diameter and pore size distribution were determined by N 2 physisorption using a Micromeritics ASAP 2000 automated system.
Scanning electron microscopy SEM and energy dispersive X-ray spectroscopy EDX : SEM and EDX were used to investigate the morphology and elemental distribution of catalysts, respectively using Hitashi mode S-3400N. Micrographs were taken at the accelerating voltage of 30 kV and magnification ranging from 1,000 to 10,000 and the resolution of 3 nm. The SEM was operated using the secondary scattering electron SE mode. EDX was performed using Apollo X Silicon Drift Detector Series by EDAX. Before the SEM observation, the sample was conductive to prevent charging by coating with platinum particle under the ion sputtering device.
Temperature-programmed desorption of ammonia NH 3 -TPD : NH 3 -TPD was performed using Micromeritics chemisorp 2750 pulse chemisorption system to measure the acid properties. In the measurement, 0.1 g of catalyst was packed in a U-tube glass with 0.03 g of quartz wool and pretreated at 500 under helium flow for 1 h. Then, the sample was saturated with 15 of NH 3 /He and the physisorbed ammonia was desorbed under helium gas flow after saturation. The sample was heated from 40 to 500 at heating rate of 10 /min.
Reaction test
The catalytic dehydration of ethanol was carried out in a fixed-bed continuous flow microreactor made from a borosilicate glass with an inside diameter of 0.7 cm and length of 33 cm. In the experiment, 0.01 g of packed quartz wool and 0.05 g of catalyst were loaded into the reactor. Then, the catalyst was pretreated in argon 60ml/min at 200 for 1 h under atmospheric pressure to remove any moisture on surface of catalyst. The liquid ethanol was vaporized in a flowing of argon by controlled injection with a single syringe pump at a constant flow rate of ethanol 1.45 ml/h WHSV 22.9 g ethanol g cat 1 h 1 . The ethanol dehydration reaction was carried out at temperature ranging from 200 to 400 by feeding the vaporized ethanol into the reactor. The products were analyzed by a Shimadzu GC8A gas chromatograph with flame ionization detector FID using capillary column DB-5 . Nitrogen pressure of 260 kPa was used as carrier gas in GC using the temperature of injector and detector at 150 .
RESULTS AND DISCUSSION

Characteristics
The XRD patterns for HBZ and Ru-and Pt-modified HBZ catalysts are shown in Fig. 1 . They confirmed that the structure of HBZ did not change with Ru and Pt modification. However, the XRD peaks of both Ru and Pt were not detected due to their highly dispersed forms 18 20 indicating the similar XRD patterns for all catalysts. The characteristic sharp peaks of HBZ catalyst are present at 2θ 14.6 and 22.4 20, 24 . After the modification of Ru and Pt into HBZ to obtain the Ru-HBZ and Pt-HBZ catalyst, it was appeared that the intensity of characteristic peaks 14.6 and 22.4 for HBZ slightly decreased suggesting that the lower crystallinity of modified HBZ catalysts was obtained. The BET surface area S BET and pore size diameter of catalysts were also determined by N 2 physisorption and the results are shown in Table 1 . The surface areas of all catalysts were ca. 520 to 560 m 2 /g. The HBZ catalyst exhibited the lowest surface area of 522 m 2 /g. It revealed that after modification of Ru and Pt into HBZ, both surface area and pore size diameter of HBZ were increased. This is probably due to both Ru and Pt increase the surface area by themselves without significant change in pore structure of HBZ. This can be confirmed the pore structures by the N 2 adsorption-desorption isotherms for all catalysts as shown in Fig. 2 . It indicates that all catalysts exhibited the microporous structure according to Type I as classified by IUPAC International Union of Pure and Applied Chemistry . Only a small hysteresis loop of the Ru-and Pt-modified HBZ was observed suggesting that only a small portion of mesopores existed in Ru-HBZ and Pt-HBZ catalysts, which is mainly caused by the aggregation of small crystals leading to the presence of intercrystalline porosity 15 . The pore size distributions of all catalysts are shown in Fig. 3 , which is corresponding to the pore structure as also mentioned in Fig.  2 . However, pore size distribution Fig. 3 of all catalysts was found to be only slightly different. It can be seen that the modified catalysts show a narrow pore size distribution Pt-HBZ 3.8 561 Fig. 2 The N 2 adsorption-desorption isotherms of all catalysts.
range of 3-4 nm, confirming the presence of little mesopores nature.
The morphologies of the HBZ and, Ru-and Pt-modified HBZ catalysts were determined by scanning electron microscopy SEM as shown in Fig. 4 . It can be observed that morphologies of all catalysts were similar illustrating the spheroidal shape of catalysts. The EDX analysis was also performed to quantitatively measure the amounts of elemental composition on the catalyst surface. The detection limit of EDX is about 5 microns from the outer surface, which cannot detect element in the bulk of catalyst. The results of quantitatively elemental distribution in all catalysts are shown in Table 2 . The amounts of Ru and Pt on surface were of 0.33 and 0.65 wt on the Ru-and Pt-modified HBZ catalyst, respectively. From EDX mapping, it indicated that Pt was mostly located on the outer surface of HBZ, whereas Ru was better distributed inside the catalyst granule as seen in Fig. 5 revealing the elemental distribution by EDX mapping in cross-sectional area of modified HBZ catalysts.
The acidity of catalysts was determined by NH 3 -TPD technique. The NH 3 -TPD profiles of all catalysts are shown in Fig. 6 . The surface acidity and strength of acid site are important factor to determine the catalytic activity of ethanol dehydration 15, 25, 26 . It revealed that all NH 3 -TPD profiles were similar consisting of two groups of desorption peaks. The first desorption peaks at low temperature below 250 are assigned to weak acid sites and those above 400 are strong acid sites 7, 13, 27 . The number of acid sites on catalyst can be calculated by integration of desorption peak area of ammonia according to the Gauss curve fitting method. The amount of acidity of catalysts is also displayed in Table 3 . It was found that amounts of weak acid and total acid sites tended to decrease in the order of HBZ Pt-HBZ Ru-HBZ, whereas the amount of strong acid sites of all catalyst was slightly different. The amount of strong acid site of Ru-HBZ is slightly lower than HBZ and Pt-HBZ. This indicates that the modification of Ru and Pt on HBZ can alter the acidity of catalysts. In addition, the slight difference in weak, moderate to strong and total acidity of all catalysts is likely due to significant change in 
Reaction study
The catalytic properties of all catalysts for ethanol dehydration at temperature ranging from 200 to 400 in terms of ethanol conversion are presented in Fig. 7 . It was found that all catalysts exhibited the similar catalytic behavior, where the conversion of all catalysts increased with increasing the reaction temperature. At 400 , all catalysts exhibited the highest ethanol conversion. The conversion of Ru-and Pt-modified HBZ catalysts enhanced the conversion of ethanol, especially at temperature between 250 and 300 . However, the effect of Ru and Pt modification was less pronounced on ethanol conversion at high temperature 300 . The product selectivity for all catalysts is shown in Table 4 . For ethylene selectivity, it was found that the selectivity of ethylene increased with increasing the reaction temperature. The modification of Ru and Pt can result in increased ethylene selectivity only at 300 . Meanwhile, the results of DEE selectivity for all catalysts indicate that they apparently decreased with increased temperature. At 250 , Ru modification resulted in slightly increased DEE selectivity. Although all catalysts exhibit the highest DEE selectivity at 200 , ethanol conversion at this temperature is the lowest. Therefore, it is necessary to consider the DEE yield obtained product of ethanol conversion and DEE selectivity for each temperature.
The yields of ethylene and DEE are shown in Figs. 8 and 9. Consider the yield of ethylene, it can be observed that the Ru and Pt modification can significantly increase the ethylene yield from ca. 46 to 55 with Pt or 60 with Ru at 300 . However, at temperature higher than 300 , it was found that the effect of Ru and Pt modification was less pronounced due to more kinetics control. The DEE yields for all catalysts are illustrated in Fig. 9 . It reveals that the highest DEE yields for all catalysts were obtained at 250 . Thus, this temperature is the most suitable temperature for DEE production. At this temperature, both Ru and Pt modifications can increase the DEE yield by ca. 10 . In all cases, the increase in DEE yield is caused by an increase in catalytic activity with Ru and Pt as chemical promoters without significant change in selectivity of DEE. In can explain that the Ru-and Pt-modified HBZ catalysts may be able to enhance possibility for reactants to contact and react, leading to increased catalytic activity for ethanol dehydration. This is corresponding to the ethanol conver- Fig. 7 Ethanol conversion of all catalysts at different temperatures. sion of the modified catalysts that increases at low reaction temperature. Previous results also indicated that the relatively high dehydration activities for catalysts containing noble metal at lower reaction temperatures is in good agreement with this study. The similar phenomenon is also applied for the increase in ethylene yield at 300 with Ru and Pt modification. It should be noted that acidity decreased with Ru and Pt modification suggesting the increase in intrinsic activity with chemical promoter.
Based on our present study, the high DEE yield 47 during catalytic ethanol dehydration with Ru-HBZ catalyst was obtained. In order to compare the result with other researches, the DEE yields from ethanol dehydration with various catalysts are summarized in Table 5 . Previous reports also indicated that the chemical promoter is necessary for improvement of the DEE yield due to increased catalytic activity 8, 11, 23 . Therefore, the modified HBZ is suitable to be applied for the ethanol dehydration to produce DEE. Based on data, it can be presumable that the modification of zeolite-based catalysts with Ru and Pt is promising to enhance the production of DEE at low temperature.
CONCLUSION
The modification of HBZ with Ru and Pt is promising to enhance the product yields at low temperature. In case of ethylene yield, the effect of Ru and Pt modification on HBZ catalyst was more pronounced at temperature of 300 , whereas at higher temperature the kinetics control is more dominant. In order to increase the DEE yield, the ethanol dehydration must be operated at low temperature to maintain high selectivity of DEE. Therefore, Ru and Pt modifications are necessary to increase the DEE yield because they can act as a chemical promoter. Based on this study, the highest DEE yield 47 can be obtained with the Ru-HBZ catalyst at 250 . 
